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Thls invention relates to a process for prepar- 
ing esters, and more particularly, esters of the 
glycol type. 
The term "glycol ester," as employed herein, 
includes those compounds having a pair of ad- 
jacent carbon atoms of aliphatic charactr which 
are linked either one to an acyl radical and the 
other fo a hydroxyl radical, or both fo acyl radi- 
cals, and the term also includes those compounds 
having other acyl groups than those linked to 
said adjacent carbon atoms. 
If bas been discovered that glycol esters may 
be prepared by reacting an aldehyde, an un- 
saturated organic compound, and oxygen. The 
aldehyde reacant employed is of either the satu- 
rated aliphatic or the aromatic type, and the 
saturated compound is one whose unsaturation 
is olefinic in character. That is fo say, the 
saturated compounds useful in the present in- 
vention are those having a double bond between 
one or more pairs of adjacent, aliphatic carbon 
atoms. 
When an unsaturated compound containing 
but the one olefinic double bond and an aldehyde 
are employed in approximately equimolar pro- 
portions, a glycol monoester is formed, a rep- 
resentative reaction being, 
CHCHO ÷ CHCHCH ÷ O ------* CHCH.CHOH 
ac6]d6- propy]6n6 oxY-  C 0 C 
hyde gen 
propylene glycol 
beta-acetate 
On the other hand, with larger proportions oï 
the aldehyde comportent an acyl radical becomes 
linked fo each oï the olenic carbon atoms, e. g., 
4CHCHO ÷ 2CHCHCH: ÷ 30:  
2CH.CH.CH: ÷ 
CHsOC 
O--COCH 
propylene glycol diacetate 
The unsaturated organic compounds which are 
suitable for employment as reactants in the 
present invention are those containing an olefinic 
linkage, i. e., containing one or more double bonds 
between adjacent carbon atoms oï aliphatic char- 
acter, and they may be hydrocarbons, substituted 
hydrocarbons (i. e., compounds wherein one or 
more of the hydrogen atoms of the hydrocarbon 
has been replaced by an inorganic group, as sul- 
fate, nitrate, or halogen, for example), alcohols, 
ketones, ethers, carboxylic acids or esters. Rep- 
resentative compounds of these various types, any 
one of which may be used as a reactant with an 
aldehyde and oxygen, are ethylene, propylene, 
allene, 1-pentene, 1-cetene, 2-methyl-2-pentene, 
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1,3-bùtadiene, 2-methyl-l,3-butadiene, 1,4-pen- 
tadiene, 1-chloropropen-, 1-chloro--methyl-.- 
propene, 1-bromobutadiene-,4, propen--ol-1, 
buten - 1 - ol - 3, penten-l-ol-5, pentadiene-l,4- 
 one-3, -methyl-penten--one-4, divinyl ether, 
methyl allyl ether, acrylic acid, crotonic acid, 
methacrylic acid, heptadecene - 3 - carboxylic 
acid-1, vinyl acetate, allyl acetate, methallyl ace- 
tare, methallyl butyrate and allyl propionate. 
10 The aldehyde reactant in the process descrïbed 
herein is of either the saturated aliphatic or the 
aromatic type. Representative aliphatic alde- 
hydes which may be used are ethanal, propanal, 
dodecanal, and trimethylacetaldehyde, as well as 
1 substituted aldehydes, as monochloroethanal, 
chloropentanal, and 4-bromobutanal, ïor ex- 
ample. Representative aromatic aldehydes 
which may be used as reactants are benzaldehyde, 
phenyl acetaldehyde, and the phenylpropional- 
20 dehydes. 
The third reactant employed in the process oï 
the present invention is oxygen, and if may be 
supplied from any convenient source. The pre- 
ferred practice is to provide the oxygen in the 
25 form of a gas which is either pure oxygen or a 
mixture of oxygen with other gases, as air. 
The esterification reaction described herein 
will proceed to a limited degree even in the ab- 
sence of a catalyst or other reaction initiator. 
80 However, it is preferred that at least one reac- 
tion initiator of the group consisting of chemical- 
ly active light rays and oxidation catalysts be em- 
ployed. For example, the process is greatly ac- 
celerated When the reactants are exposed to 
8 chemically active rays oï light emitted from a 
quartz or a mercury lamp. Benefit may also be 
derived from employment of a minor percentage 
of one or more organic photochemical sensibili- 
mers, as eosine, chlorophyll, hemin and hemato- 
g0 porphyrine. Any oï the large number of inor- 
ganic materials known fo bave a catalyzing effect 
on oxidation processes may also be used, as for 
example cobalt acetate, ferric oxide, vanadium 
oxide or platinum oxide. 
gO The temperature af which the esterification re- 
action of this invention takes place should be 
maintained within the range --80 ° C. to 60 ° C. 
For best results, if is preferred that the reactants 
be maintained af a temperature between --0 ° C. 
50 and 10 ° C. The pressure under which the sys- 
rem is maintined i hot critical, and either 
atmospheric, subatmospheric, or superatmos- 
pheric pressures may be used. When the 
actants (other than oxygen) are relatively non- 
55 voIatile liquids af the temperatures employed, the 
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usual practice is to carry on the reaction ai 
atmospheric pressure, though with more volatile 
reactants itis preferred fo utilize superatmos- 
pheric pressures, 
If is preferred that the process of this inven- 
tion be carried on by bubbling the oxygen.0r oXY- 
gen-containing gas through a homogeneous liq- 
uid system containing both the aldehydic and 
the unsaturated organic reactants,-together with 
a catalyst. Water is preferably excluded when 
making up the system. In some cases if is neces- 
sary fo employ a solvent in .which .the reactants 
are either soluble or miscible in order to 0btain 
a homogeneous system of this character, and even 
when the aldehydic and unsattate.d reacan_ts 
may be mixed to forma homogenous !ilkid«.it 
is.often of advantage fo use a solvent in order to 
obtain a somevhat less concentrated solution. Qf 
the many organic liquids which are satisfactory 
ïor this purpose, if is preferred to Use saturated 
esters suc_h as methyl acetate,.ethyl aceçate, or 
ethyl butyrate. 
The various glycol .monoesters and .glyol di- 
esters obtained by a practice of the present in- 
vention may be converted into glycols by.saponi, fication in the usual manner. Further, by start- 
ing with an unsaturated ester if is possible 
prepare other compounds containing ,three or 
more hydroxyl groups. For example,.by reacting 
a propenyl ester vÇith an aldehyde and oxygen, a 
glyceryl tri-ester is .formed which may.be saponi- 
fied fo produce glycerine..Other uses for.the esters 
formed by a practice of the present invention .wfll 
suggest themselves to those skilled in the art. 
The following examples illustrate the manner 
in which the present invention fmds embodiment. 
ExamPe I 
It was desired to prepare 2,2,4-trimethylpen- 
tanediol-3,4 from ethanal, di-isobutene (composed 
mainly of 2,4,4-trimethylpentene-2) and oxygen. 
To that end, 4 grams of ethanal and 112 grarns 
of di-isobutene were dissolved in 50 grams of.ethyl 
acetate, and 0.5 grain of cobalt acetate catlyst 
was added fo the solution. 
By means of a fine glass filter and with simul- 
taneous illumination of the solution by a mercury 
lamp, a current of dry oxygen gas was passed 
through the solution until no more oxygen was ab- 
sorbed, the solution being maintained af a tmper- 
ature of a,bout --5 ° C. during this phase of.there- 
action. The sma!l remaining quantity of uncsn- 
verted ethanal and the ethyl acetate solvent were 
then distflled off, leaving a liquid composed mainly 
of 2,4,4-trimethyl-penkane-diacetate --2,4, This 
compound was then saponified-by-treatme_nt wih 
caustic and there was thusobtaine.d 98 ga_m.s of 
the desired 2,2,4-trimethyl-pentanediolr3,4 ha.v- 
ing a melting point of 64-65 ° C. This represented 
a yield of approximately 67% 0f the maçimum 
possible theoretical yield. 
ExampIe II 
In this case if was desired to prepare 2-methl- 
pentanediol-2,3 by oxidation o a solution contaoEn- 
ing ethanal and 2-methylpentene-2. According- 
ly, 44 grams of ethanal and 8 grams of 2-.methYl- 
pentene-2 were dissolved in 50 grains of ethyl ace. 
tare, together with 0.5 grain of cobalt acetate cat- 
alyst. A current .of dry oxygen was then passed 
into the solution as the latter was maintained ai 
--5 ° C. and was subjected fo illumination by the 
rays from a mercury lamp. Oxidation under 
those conditions was continued until there was 
no further absorption of oxygen gas] The unre- 
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acted ethanal and the ethyl acetate solvent were 
,then -distilled -off, leavirg, 2«methyl-pentane-di- 
acetate-2;3. The latter :was then saponified by 
treatment with caustic and yielded 90 grains of 
5 the desired product, 2-methyl-pentanediol-2,3 
havig a melting point of 184 ° C. This repre- 
sented a-yietd-of 76% of the maximum theoreti- 
cal-yield. 
I.çl.aim-s rn.:invention: 
10 1..The _meth0d:of preparing a glycol diacetate, 
said method comprising forming a solution con- 
taining..a 1.nin0r.Rerqentage of cobalt acetate cata- 
 1Est, :an lefin. and..acetaldehyde in the proportion 
of ai least two moles of acetaldehyde for eachmole 
15 of .hydrocarb0n, and introducing oxygen gas into 
 said..sol.uti0n.:.until no further absorption of oxy- 
gen oceurs, .said introduction of oxygen being ef- 
f.ec .tend .while maintaining the solution at a tem- 
perature between --20 °-C. and 10 ° C., and while 
20 i_l!urnnating .sad Sokution with chemically .active 
light :r.ays. 
2. The method of preparing a glycol .eser, said 
method comprisg form!ng.a s0!utioncontaining 
a saturated aliphatic a!dehyde, ._an unsaturated 
25 hdroc,ar,)on havng, at-least one .olefinic linkage, 
and a .minor .p.ercena.e pï cga.!t .a«etate çata- 
1Fst .and.intro,duçing oxygen gas into.said solution 
while_rni.taig .t.he:late.r at.a .température of 
betwe.en .80 ° .C and..6O ° C .until no further .ob- 
30 sorption of oxygen occurs. 
3. The method .of prÇprirg a.glycol ester, said 
met.hod, cqmprising fo.rmi.ng a. so.lution containing 
a saturael .aliph_atic _a!de.hyde, .an unsaturated 
hydr0crb0n hang :at!_e.._ast 0ne 01eflnic linkage 
35 and aminPr prçentÇg.e of ai least one reaction 
inita.tpr seleçte.d .frpm .the gr0_up c0nsisting of 
eoskne, .ch!orgphyll, emin, .n;1 ihematoporphy- 
fine, ..a.rd .itr.oducing 9ygen gas :into sa!d solu- 
tion while maintaining the ]atter af a retapera- 
40 tuï'e 0-betvëen OESF C.ad 60 ° C. until no fur- 
terbsrptioïa of oxyên occurs. 
4. The eth0d of pr.eparing a g!ycol ester, said 
method,c_pm.priskng.ï0zm_ ing a solution of an ole- 
finè .a_d a.n.dçhyde., d.p.assDg oxygengas into 
45 said .sqlutipn..whfie _m..'m,tankng the latter at a 
temperature between --80 °..and 0 ° C. and while 
subjecting the solution fo the action of chemical- 
ly active light rays. 
5, The method of preparing a glycol ester, said 
0 methpd comprising forming a solution containing 
a saturated aliphatic aldehyde and an unsatu- 
rated hydrocarbon having at least one olefinic 
linkagej and introducig oxygen gas into said so- 
lution while-maintaining .the latter at a tempera- 
 ture of between--80 ° C. gnd 60 ° C. until no 
ther absorption of oxygen occurs, the reaction 
being conducted in the presence of at least one 
reaction initiat_or. 
6. A-method .of forming a glycol ester, said 
60 method Comprising passing oxygen gas into a 
]iquid solution containing an aromatic aldehyde 
and an unsaturated hydroc.arbon having ai least 
one olefmic linka_ge, said solution being main- 
tained ai a .temperature between --80 ° C. and 
{} 60 ° C., and the reaction being conducted in the 
presence of at 1.east ode reaction initiator. 
7. The nethod o forming a glycol ester com- 
prising .rectng an unsaturated compound con- 
taining an olefinic linkage, and which is free of a 
70 hdroxyl grpu!, with an s,_lde_hyde and with oxy- 
gen .in the p.resence of a minor percentage of 
cobalt acetate and while exPosing the reactants 
fo chemically active light rays, said reaction be- 
ing conducted at a temperature between --80 ° C. 
75 and 60 ° C. 



2,600,054 

6 

8. The method of forming a glycol ester, said 
method comprising reacting an olefin with an 
aromatic aldehyde and with oxygen in the pres- 
ence of a minor percentage of an oxidation cata- 
lyst, said reaction being conducted ata tempera- 
ture of between --80 C. and 60 ° C. 
9. The method of forming a glycol ester, said 
method comprising reacting an olefin with a satu- 
rated aliphatic aldehyde and with oxygen in the 
presence of a minor percentage of an oxidation 
catalyst, said reaction being conducted ata tem- 
perature of betweei --80 ° C. and 60 ° C. 
10. The method of forming a glycol ester, said 
method comprising reacting an unsaturated com- 
pound having an olefinic linkage, and which is 
free of a hydroxyl group, with an aldehyde and 
oxygen, said reaction being conducted af a rem- 
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perature between --80 ° C. and 60 ° C. and in the 
presence of af least one reaction initiator. 
: JOHANNES THOMAS HACKMANN. 
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